Disease surveillance and population surveys of risk characteristics in a northeast rural community of Japan (1965 census population, 7,030) are combined in an attempt to relate morbidity and risk factor trends for coronary heart disease and stroke during the last 2 decades. Between 1964 and 1983, the incidence of coronary heart disease (i.e., combined myocardial infarction, angina pectoris, and sudden death) did not change significantly among men and women ages 40-69, and was lower than that for stroke. The incidence of all stroke declined about 60% for both men and women, ages 40-69, with a significant decrease in cerebral hemorrhage for both sexes and in cerebral infarction for men. Between 1963Between -1966Between and 1980Between -1983 upward shifts occurred in the means and distributions of serum total cholesterol and serum total protein in every age and sex group, primarily during the 1st decade. Age-adjusted mean cholesterol levels rose 22 mg/dl to the 1980-1983 mean of 179 mg/dl in men ages 40-69. In women ages 40-69, the mean rose 29 mg/dl to 192 mg/dl. Among nutrients, animal fat intake doubled in men ages 40-59 from 4.5% of daily calories in 1969 to 9.6% in 1980-1983. Animal protein intake also increased, from 5.8% to 7.1%. Most of this increase occurred between 1969 and 1972-1975 and may be attributable to an increased intake of meat, eggs and dairy products. From 1963From -1966From to 1980From -1983 relative weight index rose significantly for all age-sex groups except men ages 50-69. Mean systolic and diastolic blood pressure levels declined for every age-sex group, with a 15-mm Hg age-adjusted decrease in systolic, 4-mm Hg decrease in diastolic pressure among men ages 40-69, and a 11-mm Hg systolic and 4-mm Hg diastolic decrease for women. Two cohorts of men and women ages 40-69 at baseline were followed for disease incidence: an early cohort (2,257 persons) followed from 1963-1966 to 1973 and a later cohort (2,711 persons) followed from 1972-1975 to 1983. In these cohorts, significant risk prediction for cerebral hemorrhage and infarction was obtained with blood pressure level and end organ effects in the electrocardiogram and fundus photographs. Serum cholesterol was inversely associated with cerebral hemorrhage in the early cohort but not in the later. The reduced association of serum cholesterol in the later cohort may be due in part to the marked upward shift in means and distributions of serum cholesterol between these two periods and the lower power of the later analysis. (Circulation 1989;79:503-515) The frequency of coronary heart disease (CHD) and stroke in populations is strongly related to the prevalence of hypertension and atherosclerosis, which are greatly influenced, in turn, by risk characteristics, related behaviors, and associated environmental factors.' Japan has recently experienced rapid change in living and eating patterns.2 This provides a unique opportunity to observe a natural experiment in which population risk may change.
The frequency of coronary heart disease (CHD) and stroke in populations is strongly related to the prevalence of hypertension and atherosclerosis, which are greatly influenced, in turn, by risk characteristics, related behaviors, and associated environmental factors.' Japan has recently experienced rapid change in living and eating patterns.2 This provides a unique opportunity to observe a natural experiment in which population risk may change.
In an attempt to relate morbidity trends to changes in risk factors for CHD and stroke, we combined See p 718 serum total cholesterol (TC) and total protein (TP) levels, for nutrient intake and eating patterns and for blood pressure and relative body weight measured in three population-based, cross-sectional surveys in 1963-1966, 1972-1975, and 1980-1983; and stroke risk factors established from prospective cohort studies.
Subjects and Methods
The Population
The survey population was residents in Ikawa Town, a farming community in Akita Prefecture, 250 1963-1966, 1972-1975, and 1980-1983 . Samples of all men and women in the area ages 40-69 were invited, and participation rates for each survey are displayed in Table 2 .
The participation rates were high (between 74% and 92%) for all age-sex groups in three surveys except men ages [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] in the 1980-1983 survey (64%), who gained another opportunity for health examination at their worksites. The effect of bias due to this lower rate may be small because strong and consistent trends of most risk characteristics were seen across all age-sex groups.
The industry of the community was predominantly rice farming until the 1960s. During the past 2 decades, however, farming has been extensively mechanized; people now have time for other jobs, and life-styles are increasingly urbanized. The traditional diet, low in animal fat, relatively low in protein, and high in salt, has also changed, as will be documented here. In addition, a communitybased hypertension control program was established in 1963.1 TABLE 2 . Risk Factor Surveys in Rural Northeast Japan: Number of Subjects and Participants* and Participation Rates by Age and Sex, 1963 -1966 , 1972 -1975 Surveillance of CHD and Stroke The morbidity surveillance collected disease data on men and women ages 40 and older in the community and investigated all hospitalized cases plus six other ascertainment sources: national insurance claims, reports by local physicians, ambulance records, death certificates, reports by public health nurses and health volunteers, and risk factor surveys.
These combined sources were essential for complete ascertainment because only 26% of all cases were hospitalized between 1963 and 1965, while 70% were hospitalized between 1972 and 1973. National insurance covered 85%, 82%, 66%, and 53% of all residents of all ages in 1964, 1969, 1974, and 1979 , respectively, making insurance claims a good source for ascertainment, particularly during the 1960s. The completeness of the combined casefinding sources was established at the beginning of surveillance when a single detailed household survey revealed no cases undetected by the system.
To validate the diagnoses, all living patients were visited or invited to risk factor surveys or a history was obtained from their families, and systematic neurologic examinations were conducted by study physicians. Medical records in the local clinics and hospitals were reviewed in both survey and adjacent communities. For deaths, histories were obtained from families and/or attending physicians and medical records were reviewed.
The criteria for CHD were modified from those of the early WHO Expert Committee.3 Intermediate, painless types of CHD were not investigated because of the difficulty of complete ascertainment. "Definite" myocardial infarction was indicated by typical chest pain (lasting for 30 minutes or longer) with the appearance of abnormal and persistent Q or QS waves or changes in cardiac enzyme activity or both. "Possible" myocardial infarction was indicated by typical chest pain without positive electrocardiogram and enzyme activity findings. In this report, definite and possible myocardial infarction are combined and presented as myocardial infarction. Angina pectoris is defined as repeated episodes of chest pain during effort, especially when walking, usually disappearing rapidly after the cessation of effort or on use of sublingual nitroglycerin. Unclassified sudden death is defined as death within 24 hours from the abrupt onset of symptoms, unassociated with a previous diagnosis of CHD or stroke. For long-term comparability in CHD morbidity, these older criteria were consistently used.
The criteria for stroke and type of stroke4 are the same as those of Millikan5 except they exclude headache in the diagnosis of cerebral hemorrhage. Stroke is categorized as cerebral hemorrhage, cerebral infarction, subarachnoid hemorrhage, and stroke of undetermined type and does not include transient ischemic attacks. These classic criteria were consistently used to elucidate long-term trends in stroke morbidity. The WHO collaborative study with stroke registers indicated that these clinical diagnoses of all stroke combined compared well with those of European centers. 6 The clinical diagnosis of stroke and type of stroke was validated in an autopsy comparison on 265 cases in a local hospital in Akita.7 Agreement between clinical diagnosis and autopsy was 97.1% for all stroke combined, 89.7% for hemorrhage, and 75.0% for brain infarction.
Using these standardized criteria, final diagnoses of CHD and stroke were made by a panel of four study physician-epidemiologists. Five-year incidence (age adjusted or age specific) was calculated as the number of new cases per 1,000 census population in 1964-1968, 1969-1973, 1974-1978, and 1979-1983 . Age adjustment was conducted by the direct method of standardization to the age distribution of the 1965 census population. The x2 test for trends was used to test the significance of incidence trends.
Population Surveys of Risk Characteristics
The examination of risk factor surveys included medical history, physical examination, urinalysis, measurement of serum total cholesterol, protein, blood pressure, height, weight, resting electrocardiogram, color photographs of the right ocular fundus, and nutrition studies. Urine was analyzed for albuminuria and glucosuria with a Uristix (Ames Company, Ltd, Elkhart, Indiana). Standardization, observer training, and quality control for the following measurements were carefully conducted to avoid systematic errors and long-term drifts.
Serum total cholesterol and protein. Blood samples were taken with the participant quietly seated, the blood let into 10-ml siliconized vacuum tubes with minimal use of tourniquets. The tubes stood 30 minutes at room temperature to allow the blood to clot and then were centrifuged at 1,300g for eral subjects with different blood pressure levels were practiced on each arm simultaneously with a separate sphygmomanometer, with a Y-connection to two stethoscopes or, alternately, on the right arm in random order by a trainee and then by an experienced observer. The training was repeated until systematic observer error was minimized. This procedure was repeated among observers for each survey period to reduce observer differences.
Relative weight index. Relative body weight was calculated from Minowa's standards based on medians of body weight distributions by height and sex for 5,086 healthy Japanese in 1960-1962.17 Minowa's relative weight index (RWI) was defined as a percent deviation of actual weight (A) to standard weight (S).
RWI(%) = [(A-S)/S] x 100
To test the significance of trends for TC and TP levels and for blood pressure and relative body weight levels, both analysis of variance and t tests were conducted. The results of t tests are presented because results of analysis of variance were highly significant for all variables in most age-sex groups, and we were more interested in when significant changes occurred among these survey periods. t tests were also done for nutrition intake between 1972-1975 and 1980-1983 . p values for t tests were two-tailed. x2 tests were used to test the difference in prevalences (e.g., prevalence of hypertension).
Electrocardiogram. An electrocardiogram was obtained in supine position. According to the Minnesota Code, second version,'6 each record was coded independently by two physician-epidemiologists. Agreed codes were accepted and disagreements were discussed between them and if necessary, arbitrated by a third experienced physician. The physicians were systematically trained and recertified every year on WHO electrocardiographic tests,'8 our own standard electrocardiograms,'9 and more recently on the Minnesota Manual of Electrocardiographic Findings. 20 Fundus examination. Color photographs of the right ocular fundus were taken about 30 minutes after the application of tropicamide or phenylephrine hydrochloride. Two trained observers read photographs of each person independently and coded the findings using a modified Scheie's classification. 21 Agreed classifications were accepted. Disagreements were discussed and then arbitrated by a more experienced observer. The observers were trained using standardized sample photographs of the fundus22 and recertified in every survey period. The team of observers in this study were limited to two to reduce the interobserver variation.
Determnination of Risk Factors for Stroke
To elucidate risk factors for stroke, prospective cohort studies were conducted. Two cohorts of men and women ages 40-69 years at baseline were constructed and followed over 10 years for each: the early cohort (1963-1966 at baseline, followed to 1973) and the later cohort (1972-1975 at baseline, followed to 1983). To increase the statistical power of the analysis, residents of Ikawa and two adjacent rural communities were combined; the early cohort was composed of residents in Ikawa and Ishizawa and the late cohort consisted of residents in Ikawa, Ishizawa, and Kitautetsu. These adjacent communities were under the same morbidity surveillance and population risk factor surveys as Ikawa and showed generally similar cardiovascular disease morbidity and baseline examination findings. The 1970 total census was 2,799 in Ishizawa and 1,458 in Trends of incidence for CHD: Myocardial infarction, angina pectoris, and unclassified sudden death. Figure 1 shows trends of incidence for myocardial infarction, angina pectoris, unclassified sudden death, and all CHD. Age-adjusted incidence is presented per 1,000 population per year for age groups of 40-69 and of 70 and older separately from 1964-1968, 1969-1973, 1974-1978, and 1979-1983 . Both men and women ages 40-69 showed low age-adjusted incidence for myocardial infarction, angina pectoris, sudden death, and all CHD, with no significant change overall during the 2 decades. For men and women ages 70 and older, there was no significant trend for CHD incidence except sudden death and all CHD in women, which increased significantly (p <0.05).
Trends of incidence for all stroke, hemorrhage, and infarction. Figure 2 depicts trends of ageadjusted incidence for all stroke, cerebral hemorrhage, and infarction, respectively. Between 1964 Between -1968 Between and 1979 Between -1983 Table 9 shows regression coefficients of eight variables in each cohort for the risk of cerebral hemorrhage and infarction. There were 20 new cases for hemorrhage in the early cohort and 13 in the later cohort. The respective values for cerebral infarction were 45 and 54.
Determination of Risk Factors for Stroke
Risk factors for cerebral hemorrhage. In the early cohort, systolic blood pressure, ST-T changes in the electrocardiogram and hypertensive changes in the fundus were positively associated with hemorrhage incidence. Serum TC was inversely associated with hemorrhage.
In the later cohort, systolic blood pressure, high R wave amplitude in the electrocardiogram and hypertensive changes in the fundus showed a sig- In the later cohort, sex, age, and ST-T changes showed a significant contribution to infarction.
Systolic blood pressure was not significantly related to infarction in either cohort. When systolic blood pressure was replaced by diastolic blood pressure in the model, distal blood pressure was positively associated with infarction in the early cohort (p<0.05) but not in the later cohort. Discussion Socioeconomic developments since the mid-1960s are extensive in Japan. Cash income increased in urban and rural areas, and food transport, refrigeration, and marketing improved. These developments were associated with increased consumption of meat and dairy foods, whereas the intake of traditional salt-preserved food decreased. Also, house refrigerators became more common. At the same time, community-based nutrition education campaigns were ongoing in attempts to reduce salt and increase animal food intake in the general population. The percent of EGGS AND DAIRY YEAR MEAT FOODS OIL FISH total fat calories increased from the 1960s to the 1970s, with animal fat intake doubling.
We interpret the significant rise in mean TC between the 1960s and the 1970s as due to the increased meat intake and relative increase in fat consumption. The lesser increase of serum cholesterol levels between the 1970s and the 1980s may be explained by the smaller increase in animal fat intake. The population mean of Keys score24 for men ages 40-59 was estimated from the 24-hour dietary recalls; 22 in the 1970s and 24 in the 1980s. The increase in the score during the second decade was only two units. Thus, the serum cholesterol level for men ages 40-59 was "expected" to rise 2 mg/dl because a one-unit increase of the score corresponds to 1 mg/dl rise in serum cholesterol according to carefully controlled dietary experiments. 24 The actual increase in the age-adjusted serum cholesterol level was 4 mg/dl. The significant TP increase between the 1960s and the 1970s may also be attributed primarily to the increased meat intake.
The results of dietary changes must be interpreted cautiously, however, because of the different study methods. The 1960s nutrition study may have overestimated fat intake because the participants were volunteers from relatively affluent families. Despite our instructions to maintain usual diets, their duplicated foods may be biased to "rich" diets, that is, oil-rich diets. In fact, the use of oil, mostly vegetable oil, at that time was not popular and was used for special occasions. However, they had no ready access to meat and dairy foods so that ing evidence is the significant increase in mean relative weight index in most age-sex groups despite decreased total caloric intake. The incidence of myocardial infarction plus angina pectoris remained continually low for men and women ages 40-69 during the past 2 decades. Even when CHD was defined as myocardial infarction and angina pectoris plus unclassified sudden death, the incidence was lower than for all stroke and did not change overall during the last 2 decades. The same was true for men and women ages 70 and older, except for an increasing trend of sudden death in women. We speculate that the significant rise in TC levels is probably not yet sufficient to result in mass atherosclerosis or to raise the overall incidence of CHD. It should be noted that the latest TC levels in Ikawa were 179 mg/dl for men ages 40-69 and 192 mg/dl for women ages 40-69: this is 8 mg/dl lower for men and 5 mg/dl lower for women compared with national population-based samples in 1980.28 And these TC levels were much lower than those in the United States for the same period.29
The substantial decline in blood pressure levels is considered to contribute to CHD trends, countering any potential effect of the population TC increase. Unfortunately, we did not have smoking data for these rural population until 1975. The national data on smoking trends30 give us a clue if we suppose that trend is similar in the rural populations. There was a slight decline in the national prevalence of current smokers for men ages 20 and older: 80% in 1965, 76% in 1975, and 65% in 1980. For women, the prevalence of smoking was low and stable: 16% in 1965, 15% in 1975, and 14% in 1980. However, it is hard to estimate any potential effect of the decline in smoking prevalence for men because of evidence that the association between smoking and CHD risk is weak in populations with low TC levels. 31 All stroke declined significantly in both men and women ages 40 and 69 years. In this age group, hemorrhage declined significantly for both sexes, and cerebral infarction decreased significantly for men.
For men and women ages 70 and older, there was a significant decline in hemorrhage but not in cerebral infarction and all stroke. The most likely reason for these downward trends is the substantial decrease in blood pressure levels. Our analyses indicated that blood pressure or hypertensive end organ effects in ECG or fundus were significantly associated with both cerebral hemorrhage and infarction.
The blood pressure decline in the rural population may have been in part due to increased use of antihypertensive medication. However, it is hard to attribute over 10 mm Hg systolic and 4 mm Hg diastolic decline for both sexes solely to the improvement of hypertension control by medication. Furthermore, the significant and consistent blood pressure decline across all age-sex groups occurred only in the 2nd decade, whereas the antihypertensive medication use increased significantly in the 1st decade. We infer that a considerable part of the blood pressure decline may be attributed to changes in related behaviors and environmental factors: for example, dietary change such as decreased salt intake, the improvement of working conditions, replacement of manual work with mechanized farming, and the improvement of house heating in cold weather.
In the analysis of risk factors for stroke, particular findings emerged: the reduced contribution of blood pressure to risk of cerebral infarction in the later cohort, the inverse association between age and cerebral hemorrhage in the later cohort, and the inverse association between TC and cerebral hemorrhage in the early cohort.
The reduced contribution of blood pressure to the risk of infarction in the later cohort may be related to the considerable decline in mean blood pressure levels. The significant contribution of hypertensive end organ effects in the later cohort indicated that persons with these organ effects were more likely to develop cerebral infarction even if their blood pressure was lowered with medication.
The inverse association between age and hemorrhage is probably due to improvement of hypertension control for older persons in the late cohort. The older persons had more opportunities for cardiovascular examinations and referral to physicians under the community-based hypertension control program established in 1963. For this reason, they may have been less likely to develop cerebral hemorrhage compared with younger persons who had less chance to enter the program.
A most noteworthy finding is the inverse association between baseline TC level and subsequent risk of cerebral hemorrhage. This inverse association was reported from other follow-up studies of Japanese and Japanese-Americans32- 34 and most recently from the 6-year follow-up study of 350,977 US men screened for the Multiple Risk Factor Intervention Trial. 35 The reduced contribution of TC to cerebral hemorrhage in the later cohort in Japan may be due to the substantial rise in mean TC levels and a lower power of the analysis (the small number of cerebral hemorrhage cases: n = 13). There is no widely accepted plausible explanation for an association between low TC levels and cerebral hemorrhage. However, it is well known that the pathogenesis of hemorrhage differs from that of CHD; arterionecrosis (fibrinoid necrosis) characterizes intracerebral arteries in cerebral hemorrhage, and atherosclerosis in coronary arteries in CHD. Hypertension is the major factor for arterionecrosis. 36 According to our autopsy study in a hospital of Akita Prefecture in 1966-1972, 49% of the 37 cerebral hemorrhage cases ages 30-59 years showed no significant atherosclerosis in basal arteries in the Circle of Willis or in intracerebral small arteries.
Most of the cases were clinically hypertensive and had TC levels less than 180 mg/dl. 37 We hypothesize that, although the pathophysiological mechanism is uncertain, the fragility of intracerebral vascular walls is augmented by low serum cholesterol levels. A significant increase in glycerol permeability and osmotic fragility was demonstrated in cholesterol-depleted/reduced cell membranes and erythrocytes.38,39 Our case-control study showed that both serum cholesterol and the cholesterol content of red cell membranes were significantly lower among cerebral hemorrhage cases than for noncases, and osmotic fragility of erythrocytes was significantly greater.40 Experimental studies indicated that a rise in serum total cholesterol associated with diet in animals attenuates the development of angionecrosis in intracerebral arteries and stroke. 41, 42 Therefore, we infer that the significant and consistent fall in the incidence of hemorrhage across all age-sex groups could be attributed to the combination of the population TC rise and blood pressure fall. However, potential confounding factors such as relative protein deficiency and alcohol consumption are not excluded. Another prospective study of Japanese showed significant inverse association between serum albumin (or albumin-globulin ratio) and cerebral hemorrhage. 43 We found a significant rise in TP levels as well as in animal protein intake in this rural population. Alcohol consumption has been reported significantly associated with subsequent hemorrhagic stroke (including subarachnoid hemorrhage). 44 We have no data on alcohol consumption in the rural population until 1975. However, Japanese national data indicate that alcohol consumption per capita doubled between 1960 and 1980.45 Thus, it seems difficult to relate upward trends of alcohol consumption and downward trends of stroke.
In conclusion, significant trends of cardiovascular risk characteristics were associated with changes in behaviors and environmental factors in the rural community of northeast Japan during the past 2 decades. The substantial decline in stroke incidence may be attributed mostly to decreased blood pressure levels and possibly to increased TC levels. There was no significant change overall in CHD incidence in spite of the increased TC levels. However, we should be cautious to extrapolate this result to future trends. Careful surveillance is underway in both rural and urban populations to clarify trends in CHD incidence among Japanese and changes in risk factors, behaviors, and medical care.
